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Abstract: 
The global food system faces a triple challenge: ensuring accessible healthy diets for all while promoting fair production, processing, and distribution, within safe environmental planetary boundaries. Leveraging an ensemble of state-of-the-art global economic models, we explore the potential of a comprehensive food system transformation combining productivity gains, dietary change, and reduction in food loss and waste to reduce environmental pressure from food systems. The modeling suggests that such a food system transformation could meet agricultural demands without further land conversion or increased emissions. Dynamic economic models highlight the need to improve both efficiency as well as encourage sufficiency in food system transformation to dampen rebound effects and maximize its environmental potential. Coupling food systems transformation with ambitious climate mitigation and land-use policies, could supply healthy diets for all while operating within safe planetary boundaries.

Introduction
The global food system faces a triple challenge: to ensure that healthy diets are accessible to everyone everywhere while promoting fair production, processing, and distribution of food, all while staying within safe environmental planetary boundaries. Unfortunately, the current food system significantly contributes to the transgression of several safe and just planetary boundaries (Vermeulen, Campbell, and Ingram 2012; Campbell et al. 2017; Springmann et al. 2018; IPCC 2023). Increased food production and processing, driven by population and economic growth have contributed to increased land expansion and unsustainable blue water use (Campbell et al. 2017), exacerbating biodiversity loss (DeClerck et al. 2021), and worsening the climate crisis (Crippa et al. 2022; 2021; Vermeulen, Campbell, and Ingram 2012). Despite producing enough food for 10 billion people, it is unevenly distributed, leaving one in ten people at risk of hunger (FAO 2023). Existing dietary and consumption patterns further reinforce this imbalance. Failure to address the current state of the global food system risks aggravating food inequality, malnutrition, and potentially reaching an irreversible tipping point beyond the planet’s safe and just operating space (Webb et al. 2020). There is an urgent need to investigate the range of options available to tackle this triple challenge. Recognizing the complexity and interconnected nature of food systems, it is critical to examine the potential long-term consequences, trade-offs, and co-benefits of these options.
Food systems modeling plays a pivotal role in evaluating the solution space to achieving healthy diets from sustainable food systems (Springmann et al. 2018; Willett et al. 2019). For example, using a static input-output model, Springmann et al. (2018) suggested that it was possible to simultaneously improve health and environmental outcomes by shifting to a healthy flexitarian diet, reducing food loss and waste, and improving production practices. However, a transformation of this magnitude is bound to have winners and losers. Therefore, considering the possible unanticipated repercussions of these options is crucial, necessitating models that capture dynamic feedback in the food system (“EAT–Lancet Commission 2.0: Securing a Just Transition to Healthy, Environmentally Sustainable Diets for All” 2023).
Building upon the efforts of previous food systems modelling studies and the Agricultural Model Intercomparison and Improvement Project (AgMIP), we utilize an ensemble of dynamic global economic models to explore the implications of food systems transformation pathways and measure how they drive different environmental, economic, and justice outcomes in 2050. We evaluated a business-as-usual (BAU) scenario, which is based on SSP2 population and GDP assumptions (Riahi et al. 2017), in comparison to counterfactual scenarios where a global adoption of the EAT-Lancet diet is achieved (DIET), agricultural productivity is enhanced (PROD) food loss and waste is minimized (WAST), and when all three drivers are packaged into a comprehensive food system transformation scenario (EL2). Additionally, we explored the impact of coupling EL2 with mitigation strategies (MITI) that align with the objective of limiting global warming to 1.5°C (ELM). While these scenario drivers are designed to cover a range of options to tackling the triple challenge of global food system, they are not exhaustive.
Long-term projections from these alternative narratives are important in guiding decision-making and resource allocation, providing insights into potential advantages and disadvantages associated with different food systems transformation pathways. The participating models encompass both general and partial equilibrium models, and span a range of geographical, sectoral, and temporal resolutions. While aspects of the scenario specifications are harmonized, the implementation of the transformation options varies for each model due to the differences in model configurations. The models’ structure and scenario implementation differences enable us to explore the possibility space of an EAT-Lancet style food system transformation more broadly.
These transformation options influence many parts of the food system heterogeneously, leading to likely non-additive or non-linear interactions. We employed a decomposition analysis that allow us to disentangle the individual and cumulative contributions of key food systems transformation interventions as well as of additional ambitious mitigation policies (Borgonovo 2010; Marangoni et al. 2017; Stehfest et al. 2019). The drivers’ individual effect captures the direction and magnitude of change it has on scenario outcomes when employed alone, while the total effect quantifies its impact on the model outcomes when bundled with the other drivers in a comprehensive food systems transformation pathway, ELM. The difference between the driver’s individual effect and its effect within ELM reflects the interaction effect which indicates whether the other options support or counteract the effect of the driver in question. 
Here we explore the implications of various food systems transformation pathways that address the triple challenge by considering the perspectives of multiple models in the ensemble, evaluating co-benefits and trade-offs, and ultimately weaving together a comprehensive picture of potential food futures.

Findings
Food can be more affordable in the baseline food system, but it will further transgress the boundary for emissions and land
To provide context for the impacts of the various counterfactual scenarios, the model ensemble initially ran a baseline scenario following the SSP2 narrative (business-as-usual, BAU). By 2050, the demand for agricultural products is projected to increase globally by 34% (multi-model median, model range: [22 to 44] %, Table 1) compared to 2020. To meet this demand, agricultural production is expected to rise concurrently by 34 [22 to 44] %, with an expansion of harvested area by 8 [5 to 13] % and an increase in crop yields by 21 [8 to 28] %. Consequently, calorie availability increases from 2,844 kcal per person in 2020 to 3,034 [1,906 to 3,712] kcal per person in 2050. There is medium agreement on projected producer prices: five models project an overall decrease in producer prices [-19 to -4% from current], while two models [AIM: +13% and IMPACT: +16%] projecting an overall increase in prices over the 30-year period (overall model range: -0.2% to +0.4% compound annual growth rate, CAGR). This range is within previously reported price ranges for multi-model assessments (von Lampe et al. 2014). Despite these price changes, the CAGR of global GDP (2.4 [2.1 to 2.8] % from 2020 to 2050) is higher. Furthermore, two models report that agricultural wages will double in 2050 (101 [MAgPIE: 127, ENVISAGE: 75] %) suggesting that, while prices generally increase, income is increasing faster and that agricultural products are projected to be more affordable (Ambikapathi et al. 2022). However, under the BAU scenario, the food system is expected to exacerbate existing environmental challenges. The expansion in harvest area suggests expansion of land use for the agriculture sector. This is supported by two models that estimate that the amount of land used for agriculture will increase by 8% [MAgPIE: -3% and CAPRI: -13%], likely at the expense of forests and other natural vegetation, which are expected shrink by 5% [MAgPIE: -2% and CAPRI: -8%] (Table 2). Moreover, total emissions from the agriculture sector are projected to rise from 6.6 [5.2 to 14.7] GtCO2eq in 2020 to 9.9 [6.3 to 15.8] GtCO2eq in 2050 (Table 2).

Combining efficiency gains and diet shifts maximizes environmental benefits beyond individual drivers' impact.

Against this baseline, we evaluated the potential of three drivers in transforming food systems by 2050, namely: increasing agricultural productivity that is consistent with the more sustainable SSP1 pathway, reducing food loss and waste, and shifting consumption patterns to healthy diets. We evaluate their impacts individually and as a food system transformation bundle consistent with the key drivers explored in the EAT-Lancet report (“EAT-Lancet 2.0”, EL2). 
First, we assessed drivers that improve the efficiency of food system at different stages in the value chain. Technological improvements and innovations, while respecting planetary boundaries, improves efficiency in primary production, and defines the PROD scenario. These improvements increase yields by 2 [1 to 22] % beyond the baseline productivity trends, with limited consequences on harvested area (-1 [-14 to -1] %), resulting in a modest increase in agricultural production by 1 [0 to 8] %. Increased productivity contributes to lower prices by 4 [-15 to 1] %, resulting in the additional increase in demand for agricultural products by 1 [0 to 9] % from BAU. This increase in demand highlights important rebound effects, captured in the dynamic models, which can limit environmental gains from increasing agricultural productivity and efficiency (Table 2 and SI Table 1). 
Reducing food loss and waste (WAST), on the other hand, improves the efficiency of the food system between the farm gate and the consumer. The model results show a decrease in calories available per capita (-5 [-12 to 3]%), without a substantial decrease in calorie intake (1 [-6 to 7] %), suggesting that more of what is being produced is being consumed. This, in turn, allows for the reduction in the necessary production (-7 [-10 to 1] %) to meet the demand, which is also reducing (-7 [-10 to 1] %). Therefore, along with improving efficiency, reducing food loss and waste also supports sufficiency. Models show a greater reduction in the negative environmental impacts of the food system under the WAST scenario compared to the PROD scenario which highlights the need to both efficiency and sufficiency in transforming the food system (Table 2 and SI Table 1). 
We next evaluated the DIET scenario, where consumers shift their food preferences to include more plant-sourced foods, with per capita calorie consumption proportional to body weight and physical activity (Willett et al. 2019). This scenario has greater ambition on sufficiency and therefore leads to a global decrease in calorie consumption (-13 [-50 to -4] %) by 2050 compared to BAU, and a radical change in the composition of diets. This translates to a decrease in overall demand for agricultural products (-21 [-41 to -4] %), and a decrease in the volume and the value of production (-21 [-41 to -4]%, and -18 [-37 to 6]%, respectively). While the ensemble median shows an overall decrease in prices (7 [-22 to +32]%), there is medium agreement on the direction of change in prices due to dietary shifts: two models project an increase in agricultural producer prices [IMPACT: 19%, AIM: 32%] compared to BAU. In addition to potential improved health outcomes, shifting diets has the potential to avoid 37 [X to X] % of total GHG emissions compared to BAU, bringing total agricultural emissions to 5.9 GtCO2eq with 3 [2.4 to 4.9] GtCO2eq coming from methane, and 1.7 [1.5 to 3] GtCO2eq from nitrous oxide. This is driven primarily by a reduction in consumption of livestock products in line with diet recommendations, which contributes to a 36 [CAPRI: -17, MAGNET: -55] % reduction in direct emissions according to two models, as well as leading to a -26 [-46 to -1] % reduction in grassland compared to BAU. While overall agricultural land (cropland and grassland) decreases by 4 [-6 to -1]%, the model ensemble suggests harvested area for fruits, vegetables and nuts could increase by 33 [-21 to 84] %, supported by two models projecting cropland to increase by 7 [MAgPIE: 1%, AIM: 13%] to facilitate increased demand for plant-based foods. 
Integrating efficiency gains from both supply and demand side, along with promoting sufficiency through dietary change sees more gains along the environmental dimensions than any of the individual drivers by themselves, suggesting that agriculture could be substantially more sustainable than in the BAU scenario. EL2 will see substantial declines in emissions (-39 [-40 to -15] %), land-use (-14 [-34 to -4] %), water-use (-18 [33 to 2] %), N-use (-40% [-49 to -19] %), and P-use (-35% [-40 to -31] %). The EL2 scenario suggest that it would be possible to supply a healthy diet to everyone while in several cases using fewer resources than today, and emissions near current levels. Furthermore, freeing up land and reallocation of resources allows for this all to be achieved without increasing producer prices, which on average fall by 19 [-32 to +29] %. EL2 scenario transforms the global food system into a smaller food system that is more efficient and sufficient, resulting in positive outcomes for the environment and for food prices. 

Coupling ambitious mitigation with EL2 magnifies its environmental benefits while offsetting potential food affordability challenges

To reach climate goals, regulations and policies must be put in place to mitigate current and future climate impacts of human activity. Climate mitigation by itself can avoid 28 [-49 to -2] % of projected agricultural emissions (down to 5.7 [5.0 to 9.3] Gt) and 6 [XX to XX] % of projected land expansion. However, limiting land expansion, and incentivizing the production of bioenergy crops, can compete with food production and can lead to higher agricultural prices (Fujimori et al. 2022; Hasegawa et al. 2018). Indeed, the multi-model ensemble projects a median producer price increase of 18 [1 to 101] % by 2050 in the MITI scenario compared to BAU. In contrast, three CGE models project smaller growth in GDP in the MITI scenario compared to BAU (-1% [0 to -5]) indicating that ambitious mitigation may make food less affordable, posing a risk to food security. 
Here we investigate the consequences of bundling a comprehensive transformation of the food system and climate change mitigation (ELM). We find that a larger percentage of total GHG emissions can be avoided (-51 [-65 to -42] %) in ELM. In combination, global agricultural emissions could fall to 3.7[3.1 to 6.5] Gt, below suggested emissions boundaries for agriculture. The decomposition analysis shows diet shifts is the largest driver of change and contributes to a reduction of 18 [-47 to 0] % to total emissions in ELM. Furthermore, pricing carbon emissions incentivizes removal of low productivity land, coupled with the decreased demand for ruminants that is being driven by the diet shift, ELM provides an additional 12 [-17 to -7] % of avoided land use conversion in 2050, a 5% decrease from current land use. Unsurprisingly, mitigation and land-use regulation are the biggest driver of land use change globally, contributing 7 [10 to 4] % of the decrease in land in ELM. This is followed by diet shifts contributing 4 [8 to 0] % of the decrease in land. 
Mitigation is the biggest driver of producer prices contributing 25% to the increase in prices. However, this is being offset by the second largest driver of prices, diet shifts, which help decrease the prices down by 10%. Therefore, while there is an overall increase in producer prices in ELM compared to EL2 (+15 [-16 to 69] % change from BAU), coupling EL2 with mitigation can dampen the price increase of agricultural commodities seen in the mitigation scenario alone.

Conclusion
Food can be more affordable in the baseline food system, but it will further be detrimental to the environment and impede the achievement of climate goals by 2050. Here we leverage an ensemble of state-of-the-art global economic models to interrogate the option space for addressing the food systems’ triple challenge. We find that a comprehensive food system future that combines productivity and efficiency gains, and diet shifts maximizes environmental benefits, above and beyond employing a single intervention by itself. With these interventions simultaneously in place, it is within the possibility space of EL2 for the food systems to satisfy agricultural demands and supply a healthy diet for all within our resources today, thus avoiding further land conversion and increased yearly GHG emissions. Furthermore, coupling EL2 with additional climate mitigation in the ELM scenario further amplifies the environmental outcomes for the agricultural sector: with emissions going below 5 Gt CO2e and using less land than current levels.
We employed a decomposition analysis that attributed the contribution of the four ELM drivers to the model outcomes. We find that mitigation policies become more effective for decreasing land use when coupled with efforts to transform the food system (EL2), and for land use, mitigation and EL2 are synergistic. Ambitious mitigation to reach 1.5C goals that do not take into consideration the impacts on the food system can pose a risk to food security. ELM dampens the increase in the prices of agricultural commodities. 
We note that while shifting diets is a dominant lever in driving the outcomes for demand, emissions, production, and prices, the implementation of this intervention has been done exogenously. Changing consumer preferences is notoriously difficult to implement in practice and further research is needed to model the true cost of shifting diets to properly account for its benefits and trade-offs. 
The food systems transformation needed to achieve climate and socio-economic goals by 2050 is ahistorical (Gibson et al 2024, in prep), needing interventions that approach the triple challenge from multiple dimensions. Moreover, the burden of food systems transformation is heterogenous across regions (Oliveira et al. 2025, in prep) and sectors (Gibson et al 2024, in prep). Therefore, it follows that different drivers in different regions can contribute differently to environmental and socio-economic outcomes. Assessing the individual and cumulative impacts of food systems transformation drivers is instrumental to ensuring that actions are prioritized, and resources are allocated in a way that best benefits both people and planet.

Methods
Ensemble of global economic models
Nine state-of-the-art economic models participated in this study encompassing computable general equilibrium (MAGNET, AIM, ENVISAGE, and FARM), partial equilibrium (CAPRI, GLOBIOM, IMPACT, MAgPIE), and integrated assessment (IMAGE) models. The heterogeneity in the ensemble’s model structure, spatial and temporal resolutions, and scenario interpretations represents a possibility space of food systems futures that represent the dynamic implications of food systems transformation on economic and environmental indicators.

Scenario specification and experiment design
The scenarios build on a baseline business-as-usual scenario (BAU), using SSP2 population and GDP growth assumptions to 2050. The multi-model ensemble simulated an alternative future food system (food system transformation, EL2) that achieves a healthy diet patterned from the EAT-Lancet recommendations by 2050, higher agricultural productivity compared to BAU, and reduction in Food Loss and Waste (FLW). An additional scenario (ELM) explores the potential synergies and conflicts between EL2 targets and ambitious mitigation strategies to achieve Paris Agreement goals of no more than 1.5C warming. For some models, mitigation portfolios in this study are not limited to solely targeting the agricultural sector but across other sectors as well. Here, we show mitigation impacts in the agricultural sector only. 
Additional decomposition scenarios were simulated across the multi-model ensemble to allow for an assessment of the potential contributions of each drivers of the ELM to environmental, economic, and justice outcomes. We employed an established methodology [REF] to quantify the individual impact of the scenario drivers as well as their interactions with all the other drivers. By constructing scenarios that considered only one driver at a time, and another set of scenarios that removed each driver to the full set (ELM) one at a time, the individual, interaction, and total effects of each driver can be derived. The difference between the first set of decomposed scenarios and the BAU is the impact of the driver by itself, or its “individual effect”. On the other hand, the difference between ELM and the second set of decomposed scenarios represents the driver’s contribution, as well as all its interactions, to ELM, or its “total effect”. The interaction effect is the difference between the individual impact of a driver and its total impact. If it is small, this signifies that the interaction effects are irrelevant, and that the impact of the drivers on the model outcomes are effectively additive. On the other hand, a large interaction effect shows that the impact of the driver in ELM is being influenced by the other drivers. Interaction effects that have the same sign as the total effect indicates a synergistic interaction with the other drivers, and the opposite sign indicates an antagonistic relationship.

Data inputs to the models
Where possible, harmonized input data was shared with the participating models. Crop and livestock climate shocks are provided from and [REF], respectively. These shocks are combined with productivity shifters from the IMPACT model. Four main crops represented by the global gridded crop models (GGCM; maize, wheat, rice, and soybeans) were mapped to IMPACT’s 36 crop commodities. Likewise, the livestock climate shocks for meat and dairy were mapped to beef, lamb, pork, poultry, and eggs, and to milk, respectively. Using base production from IMPACT, an exogenous yield in 2050 was estimated including climate shocks and IMPACT’s exogenous productivity trends. The exogenous yields were converted to average annual growth rate between 2020 and 2050. 
The diet data was provided by Dr. Marco Springmann which estimates human energy requirements based on doubly labelled water studies (Springmann et al. 2018; Willett et al. 2019)

Bias correction of model outputs
To compare results across models, we calculated the percentage change to the value from the a “current state” reference period (2019 to 2021) for each model independently. 
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Display Items
Table 1 Food system outcomes across scenarios in 2050. Cell shading on the median columns show the percent change decreases (blue) and increases (orange) relative to the reference points (BAU in 2020, above; BAU in 2050; below)
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Table 2 Agricultural GHG emissions and land use in 2050. 
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Table 3 Total effect of drivers within ELM. Cell shading on the median column indicates the absolute magnitude of the driver’s contribution to ELM
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Table 4 Participating Models
	Model
	Full name
	Model type
	Institution
	Country

	AIM
	Asia-Pacific Integrated Model
	CGE
	National Institute for Environmental Studies & Kyoto University
	Japan

	CAPRI
	Common Agricultural Policy Regional Impact
	PE
	European Commission Joint Research Centre
	EU

	ENVISAGE
	Environmental Impact and Sustainability Applied General Equilibrium
	CGE
	Purdue University
	USA

	FARM
	Future Agricultural Resources Model
	CGE
	U.S. Department of Agriculture
	USA

	GLOBIOM
	Global Biosphere Management Model
	PE
	International Institute for Applied Systems Analysis (IIASA)
	Austria

	IMAGE
	Integrated Model to Assess the Global Environment
	CGE
	Netherlands Environmental Assessment Agency (PBL)
	Netherlands

	IMPACT
	International Model for Policy Analysis of Agricultural Commodities and Trade
	PE
	International Food Policy Research Institute (IFPRI)
	USA

	MAGNET
	Modular Applied GeNeral Equilibrium Tool
	CGE
	Wageningen University
	Netherlands

	MAgPIE
	Model of Agricultural Production and its Impact on the Environment
	PE
	Potsdam Institute for Climate Impact Research (PIK)
	Germany
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Supplementary Tables
Cells that are blank in the BAU cluster of scenarios follow the BAU scenario specification. Cells that are blank in the ELM cluster of scenarios follow the specification in the ELM scenario.

	Scenario Code
	Description
	Climate
	EL2.0 Dimensions
	Climate Mitigation and Land-use Policies

	
	
	RCP
	Crop Model
	Livestock
	Labor
	Diet
	Productivity Assumptions
	Waste
	

	BAU
	Business as usual scenario based on SSP2 with a higher climate impact reflected by RCP 7.0
	7.0
	Using IPSL GCM Average of GGCMI crop model ensemble for soybean, maize, wheat, and rice. 
	Livestock productivity shocks from Thornton et al based on changes in higher temperatures.
	Labor productivity shocks for agricultural labor from Nelson et al. (forthcoming)
	Model BAU assumptions on diets to 2050
	Model BAU assumptions on crop and livestock productivity. (Exogenous yield trends from IMPACT have been shared)
	Model BAU assumptions on FLW
	Model BAU assumptions on climate mitigation and LUC policies

	BAU_DIET
	Decomposition scenario. Adds EAT-Lancet Diet to BAU
	
	
	
	
	Globally achieves EAT-Lancet diet by 2050
	
	
	

	BAU_PROD
	Decomposition scenario adds high productivity to BAU
	
	
	
	
	
	High productivity growth rate similar to productivity trends associated with SSP1 (e.g., PRD 1 in Stehfest et al.)
	
	

	BAU_WAST
	Decomposition scenario. Adds a reduction (halving) of food loss and waste
	
	
	
	
	
	
	Reduction of FLW
	

	BAU_MITI
	Decomposition Scenario. Adds mitigation and land-use policies consistent with 1.5C by 2050 to BAU
	
	
	
	
	
	
	
	Mitigation and LUC policies consistent with 1.5C

	EL2
	Full EL2 (diet, productivity, FLW) without mitigation and higher climate impacts based on RCP 7.0
	7.0
	Using IPSL GCM Average of GGCMI crop model ensemble for soybean, maize, wheat, and rice. 
	Livestock productivity shocks from Thornton et al based on changes in higher temperatures.
	Labor productivity shocks for agricultural labor from Nelson et al. (forthcoming)
	Globally achieves EAT-Lancet diet by 2050
	High productivity growth rate similar to productivity trends associated with SSP1 (e.g., PRD 1 in Stehfest et al.)
	Reduction of FLW
	Model BAU assumptions on climate mitigation and LUC policies

	ELM
	Full EL2 (diet, productivity, FLW) with mitigation policies consistent with 1.5C. Climate based on a lower climate impacts with RCP 2.6
	2.6
	Using GFDL GCM. Average of GGCMI crop model ensemble for soybean, maize, wheat, and rice.
	Livestock productivity shocks from Thornton et al based on changes in higher temperatures.
	Labor productivity shocks for agricultural labor from Nelson et al. (forthcoming)
	Globally achieves EAT-Lancet diet by 2050
	High productivity growth rate similar to productivity trends associated with SSP1 (e.g., PRD 1 in Stehfest et al.)
	Reduction of FLW
	Mitigation and LUC policies consistent with 1.5C

	EL2M_DIET
	Decomposition Scenario. Removes Diet from ELM
	
	
	
	
	Model BAU assumptions on diets to 2050
	
	
	

	EL2M_PROD
	Decomposition Scenario. Removed productivity trend from ELM
	
	
	
	
	
	Model BAU assumptions on crop and livestock productivity. (Exogenous yield trends from IMPACT have been shared)
	
	

	EL2M_WAST
	Decomposition Scenario. Removes FLW from ELM
	
	
	
	
	
	
	Model BAU assumptions on FLW
	

	ELM_MITI
	Decomposition Scenario. Removes climate mitigation and LUC policies from ELM
	
	
	
	
	
	
	
	Model BAU assumptions on climate mitigation and LUC policies
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Increased Productivty
Reduced FLW
Dietary Shift

Mitigation

Decomposed Total Driver Effect to ELM in 2050 (percent change from BAU 2050 %)

Food Demand Real Producer Price Production Harvested Area Yield Total GHG Emissions | Land Use Water Withdrawals
median min max

0 0 2 -3 -12 0 2 0 3 -1 -7 0 3 1 22 0 -16 0 -5 -5 0 -5 -7 -2

-5 -18 2 -6 -11 15 -5 -8 -1 -2 -5 -1 -1 -9 4 -3 -12 -1 -1 -2 -1 -5 -6 -4

-13 -42 3 -8 -29 24 -20 -34 -3 -8 -25 -3 -4 -19 17 -27 -48 -13 -8 -16 -8 -18 -28 -8

-1 -15 0 11 -7 80 -1 -21 0 -5 -10 0 2 -7 12 -34 -41 41 -10 -15 -2 -1 -6 5
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Percentage Change from BAU 2020 (%)

Increased Productivty
Reduced FLW
Dietary Shift

Food Demand

Real Producer Price

Production | Harvested Area | Yield | Total GHG Emissions | Land Use | Water Withdrawals

Increased Productivty -

Reduced FLW
Dietary Shift

min max
27 12 s | 4 11 16 |18 22 4 |18 5 13| 23 8 28 |08 -1 107 |8 3 13 [N 12 13
13 45 -8 -13 8 22 52 -9 11 9 50 20 -7 52 3 -5 12 0 -13 12
-2 45 -10 -17 23 29 12 45 6 1 13 20 2 29 15 -14 49 4 2 10 -1 -16 13
-26 34 -14 -30 50 16 -21 28 2 -30 10 17 -1 40 -23 -48 13 2 -19 5 -36 11
23 43 [[H220| 39 46 | 8 26 36 | 4 42 9 | 19 3 64 | 24 57 9 1 28 5 41 11
13 38 -10 95 18 40 4 -3 8 9 33 -11 -49 46 1 -7 8 -2 -10 6
-23 43 0 -32 57 5 -26 34 -48 2 21 -1 81 -97 -24 -31 -6 -35 2
Percentage Change from BAU 2050 (%)
Food Demand Real Producer Price Production Harvested Area | Yield | Total GHG Emissions Land Use Water Withdrawals
min max
0 3 -4 -15 -1 0 8 -14 -1 2 1 22 -2 -7 1 -1 -11 1 -1 -2 -1
-12 3 -4 -13 6 -7 -10 1 -5 1 -3 -6 1 -6 -14 0 -2 -4 -1 -2 -4 0
-43 9 -7 -23 32 -14 -41 -4 -34 -1 -18 14 -37 -48 -15 -6 -25 -1 -28 -2
-40 2 -32 29 -45 -6 -46 -3 -1 -19 33 -57 -15 -7 -34 -1 -33 -2
-3 0 1 101 -3 -3 0 -9 0 8 -28 -49 -2 -10 -4 -2 -6 2
-41 2 9 -25 59 -45 -6 -51 -8 47 -97 -42 -36 -17 -27 -10
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BAU

Increased Productivty
Reduced FLW
Dietary Shift

EL2

Mitigation
ELM

GHG Emissions in 2050 (Gt CO,eq)

total emissions CH, N,O co,
median min max
9.9 6.3 15.8 6.6 3.9 9.5| 2.8 24 5.7 0.2 0.0 3.3
9.6 6.2 12.2 6.0 3.9 7.0 2.6 2.3 3.3 0.0 0.0 3.5
9.4 5.9 11.3 6.1 3.7 6.7 2.3 2.2 3.1 0.0 0.0 2.3
5.9 4.0 7.7 3.2 2.4 4.6 1.8 1.6 3.1 0.0 0.0 2.0
5.6 3.7 7.4 2.9 2.3 4.5 1.7 1.4 3.0 0.0 0.0 1.4
5.7 5.0 9.3 3.5 3.1 5.9 2.0 1.9 3.1 0.0 -0.9 0.3
3.6 0.4 4.8 1.9 1.5 2.8 1.4 1.2 1.8 0.0 -2.3 0.2

Land Use in 2050

(Billion ha)
median min max
53 5.1 5.5
5.1 4.9 5.2
5.1 5.0 5.3
4.9 4.1 5.0
4.9 3.7 5.0
5.0 4.6 5.2
4.1 3.5 4.4










